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Abstract 
We considered an inventory/distribution system containing one warehouse and N retailers. There are a lot of heuristics in the 
literature for this problem. We proposed a new heuristic to this problem by this paper. The objective of this paper is to minimize 
supply chain costs of the whole system by a new heuristic. The main idea of heuristic is to compare replenishment cost with 
inventory holding cost. In order to analyze the effectiveness of the new heuristic, we compared it with Abdul-
We generated 100 different test problems. The computational results showed that new heuristic outperforms Abdul-
heuristic (1.923%). 
Keywords: Supply chain management, heuristics, two echelon inventory system, integer  ratio policies; 
1. Introduction 
To deliver products from a warehouse to retailers plays a very important role in a supply chain management. Due to 
their applicability to real world situations, inventory/distribution systems that contain one warehouse and N retailers 
have caught many researchers' attention and have been extensively analyzed in the literature. A survey of related 
works can be found in B. Abdul-Jalbar et al. (2010). In this paper, we consider to calculate minimum system cost by 
using a new heuristic algorithm for a two-echelon inventory/distribution system with a central warehouse and a 
number of retailers. After obtaining values from new heuristic method, we deal with optimal solution for the system 
by using these values. As many researchers know and say the distribution of a product is really complex to solve 
without assumptions. The system has just two echelons. The retailers face a constant and deterministic demand and 
replenish their stocks from the central warehouse. The warehouse replenishes its stock from an outside supplier. It is 
assumed that shortages are not allowed; lead times are negligible and fixed charged replenishment and inventory 
holding cost parameters. This problem represents a special category of inventory systems encountered frequently in 
practice. The assumption of constant and deterministic demand means that the inventory levels of the retailers 
decrease linearly. According to this assumption, we can say that holding inventory level is equal to average demand 
of retailer during order interval
have different cost parameters and demand quantity, so this causes different order frequency for each retailer. These 
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differences can increase and decrease stock level at warehouse at different times. So, the inventory level graphic of 
relation between order intervals of each retailer and warehouse. This relation has a constraint which makes the 
system by heuristic methods. If warehouse replenishment interval  is greater than replenishment interval of 
retailer j , retailer j replenishes more frequently than warehouse. So, warehouse holds required inventory for 
retailer j for  time horizon. If warehouse replenishment interval  is greater than replenishment interval 
of retailer k  , warehouse does not need to hold inventory for retailer k. This relation makes objective function 
dependent on solutions. If  then we include in objective function warehouse inventory holding cost due to 
retailer j. Otherwise, we do not. Therefore, before solutions have been found the objective function cannot be 
written. 
2. Problem Definition and Formulation 
In this system, warehouse replenishes its orders from external supplier and supplies all orders for retailers. We 
assumed that the demand was constant and deterministic; shortages were not allowed and lead times were 
negligible. We used the same notation as in B. Abdul-Jalbar et al. (2010). The notation in this paper is as follows: 
Indices: 
j Retailers,                  
Parameters: 
 Number of times that retailer j places an order during t0 . 
  Demand per unit time at retailer j  
 Fixed replenishment cost per order at retailer j  
 Fixed replenishment cost per order at the warehouse 
 Inventory holding cost per unit and per unit time at retailer j  
 Inventory holding cost per unit and per unit time at the warehouse 
 Replenishment interval at retailer j  
 Replenishment interval at the warehouse 
 The quantity of products replenished at retailer j 
 The average total costs incurred by retailer j 
 The average total costs incurred by the warehouse 
 The average total costs incurred by the total system 
 The ratio between the replenishment and the inventory holding costs for retailer j. 
  The ratio between the replenishment and the inventory holding costs for the total system 
 
 
Retailer Replenishment Costs:  retailers total replenishment cost at base planning period is equal to 
. Total replenishment cost is converted into  by  equation. 
Retailer Inventory Holding Costs: It is assumed that the demands of retailers are constant and deterministic. The 
inventory held, between the two orders intervals is equal to .  So, inventory holding cost at retailer j 
 is equal to .  
 
Warehouse replenishment Cost: Total replenishment cost at base planning period is . With  
equality total replenishment cost is converted into .  
Warehouse Inventory Holding Cost: The relation between warehouse and retailers differ the formulation of 
warehouse holding cost from economic order quantity formulation. As we discussed before warehouse holds 
inventory just for  retailers. This means warehouse holds sum of the inventory for retailer j whose order 
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interval is smaller than warehouse order interval ( ). In conclusion, the objective function (total system cost) 
can be written as;     
                  
When this integrated function is decomposed, we cannot write warehouse holding inventory costs normally. This is 
ions have been found, 
objective function can be written exactly.  As we discussed earlier objective function changes itself after solutions 
due to warehouse holding inventory cost formulation. It seems that depending on whether the condition between  
and  is provided, warehouse holding inventory module for retailer j is added to the objective function or not. So, 
the solution of the function is dependent on the solutions. This causes heuristic methods. In this paper, we would 
like to find integer values of optimal solutions and then by using these values to find the optimal solutions. Heuristic 
algorithms also must begin with mathematical formulizations. First, we assume that warehouse holds all inventories 
in the system and we take the derivative of warehouse total cost function according to . So we find the maximum 
of minimum order intervals of warehouse. This  is the beginning value of searching warehouse order interval. 
ive of  according to .  
     and    
With these beginning values independent minimal costs at warehouse and retailers are found. Independency is 
emphasized since warehouse holds all inventories in the system. Warehouse should not hold all inventories when the 
relation between warehouse and retailers is established. So this lowers absolutely the system cost below  the initial 
value.  When relation is established increasing or decreasing   values can decrease total system 
cost. Because of the different cost parameters at locations, it is preferred to hold inventory at better parameter 
locations. This causes  values change to find better solution. Warehouse and retailers cost functions are converted 
for easy calculation as;  
    
          
3. Heuristics 
Abdul-Jalbar Heuristic  
Step 0 Set ,. Compute  and Goto Step1. 
Step 1 Compute  using (6). Then,  with  decrease value  to obtain value .  Notice 
that if  decrease value  means set . Otherwise, if , then , with  an integer 
value, and decrease value  means set .  with  increase value  to obtain value .  Now, if 
 increase value  means set . Otherwise, if , then , with  an integer value, and 
increase value  means . j with  . Compute the new cost  . If  
then , Go to Step1 else Go to Step2. 
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Step 2  Set  If  then decrease value  similarly to Step1 to obtain value  . If 
 then increase value as in Step1 to obtain value  . Compute the new cost . If 
 then  ,  , , compute  L L/{l}, -1. If  Goto Step2 else go 
to Step3. 
Step 3  Stop. C is the lowest cost found. 
New Heuristic 
Step 1 Compute   using (4) and (5).  
Step 2 Round off  to upper bound integer and    to lower bound integer.  
Step 3 Compute  using (6) and (7) and .  
Step 4  then  if  then set  and  then check 
  if  then set  and  untill better solution could not be found go to step 4 
otherwise go to step 5. 
If  then  if  then set  and  then check  if  then set 
 and  untill better solution could not be found go to step 4 otherwise go to step 5. 
Step 5 For j=1 to N  then  if  then set  and  then check 
 if  then set  and  until better solution could not be found go to step 5 otherwise go to 
step 4 
If  then and if  then set  and  and check  and if  then set 
 and  until better solution could not be found go to step 5 otherwise go to step 4 
Next Until better solutions could not be found repeat 4th and 5th steps. 
Step 6 For j=1 to N  and  then  if   then set  and  then check 
 and  if  then set  and  untill better solution could not be found 
go to step 6 otherwise go to step 7. 
 and  then  if   then set  and  then check   and  if 
 then set  and  untill better solution could not be found go to step 6 otherwise go to 
step 7. 
Step 7 For j=1 to N If  Then  Next if   then set  and  go to step 8 
Step 8 If  Then     For j=1 to N If  Then  if   then set  and 
 until better solution could not be found go to step 8 otherwise go to step 9. 
If  Then     For j=1 to N If  Then  if   then set  and 
 until better solution could not be found go to step 8 otherwise go to step 9. 
Step 9 End.  
 
4. Numerical Results 
Integer values of   optimal solutions have been found. Establish mathematical model to find the 
optimal solution. In order to analyze the effectiveness of the new heuristic, we have compared it with AJ heuristic. 
This section provides a set of randomly generated numerical examples that have been solved using different 
approaches. We have generated 100 instances for each N=5 retailers. Finally, we select hj, kj and dj from uniform 
distributions on (0,1], (0,500] and (0,1000], respectively. For notation convenience, let CAJ and CNH denote the cost 
of the policy by the AJ heuristic and by the new heuristic, respectively. To compare not only the amount in the cost 
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differences but also the instances of cost differences we do the following complementary calculations. In case of  
CNH<CAJ , we compute percent deviation from AJ heuristic of  new heuristic by equation 8.  
(AJ  NH)                                                      (8) 
From the results in Table 1, we can conclude that the NH computes in most cases better solutions than the AJ 
heuristic. As a result, in 99% of the instances that have been generated in Table 1 the new heuristic performs better 
than the AJ heuristic, and only in the 1% of the instances the AJ heuristic outperforms the new heuristic. The 
numeric example dataset is given in table 2, and solutions of this dataset according to the other heuristic are given in 
table 3. The numerical example results showed that proposed NH outperformed the other heuristics. 
Table-1 The comparison of NH with AJ . 
AJ  NH CNH<CAJ CNH>CAJ 
Ave. 0,0192 
99 1 Max. 0,1033 
Min. -0,0006 
 
 
Table- 2 Numeric Example Dataset (Abdul Jalbar et. al, 2006) 
 j=0 j=1 j=2 j=3 j=4 j=5 
 11 172 43 378 498 441 
 40 202 283 144 408 84 
 993 304 542 859 478 
Table-3The solutions of example dataset 
 TC   % 
Schwarz 48080,3660 1,735219 3812,7839 0,08613039 
Graves and Schwarz 46336,4603 1,040470 2195,7343 0,04960141 
Muckstadt and Roundy 46664,2381 1,038218 2396,656 0,05414021 
Abdul Jalbar 2006  46336,4603 1,040470 2068,8782 0,04673574 
Abdul Jalbar 2010  46173,1589 0,999574 1905,5768 0,04304677 
Roundy 1985 45837,5254 - 1569,9179 0,03546427 
New Heuristic 44272,5756 1,017012 4,9935 0,00011280 
Optimum 44267,5814 1,00000001 0 0 
4. Numerical Results 
We deal with the one-warehouse N-retailer problem where efficient replenishment policies have to be determined to 
minimize inventory costs. This problem has been analyzed extensively in the last decades, and the methods already 
exist to solve the problem efficiently. In this paper, we have approached the problem in a different way using an idea 
which consists of searching method for . From the beginning the algorithm we created a 
spreadsheet calculation with mathematical notations. This made the problem easy to solve. We performed a 
sensitivity analysis to study the effect of the different parameters of the problem on the total costs. New heuristic 
algorithm can also be used for production planning, labour planning and supply chain of trading companies.  
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